Most of our knowledge about pollutants and the way they are biodegraded in the environment has previously been shaped by laboratory studies using hydrocarbon-degrading bacterial strains isolated from polluted sites. In present study Gram-positive (Mycobacterium sp. IBB Po1 , Oerskovia sp. IBB Po2 , Corynebacterium sp. IBB Po3 ) and Gram-negative (Chryseomonas sp. IBB Po7 , Pseudomonas sp. IBB Po10 , Burkholderia sp. IBB Po12 ) bacteria, isolated from oily sludge, were found to be able to tolerate pure and mixture of saturated hydrocarbons, as well as pure and mixture of monoaromatic and polyaromatic hydrocarbons. Isolated Gram-negative bacteria were more tolerant to mixture of saturated (n-hexane, nhexadecane, cyclohexane), monoaromatic (benzene, toluene, ethylbenzene) and polyaromatic (naphthalene, 2-methylnaphthalene, fluorene) hydrocarbons than Gram-positive bacteria. There were observed cellular and molecular modifications induced by mixture of saturated, monoaromatic and polyaromatic hydrocarbons to Gram-positive and Gram-negative bacteria. These modifications differ from one strain to another and even for the same bacterial strain, according to the nature of hydrophobic substrate.
INTRODUCTION
Petroleum processing unavoidably generates considerable volumes of oily sludge. Common sources of these sludges are storage tank bottoms, oil-water separators, flotation and biological wastewater treatment units, cleaning of processing equipment and occasional minor spills on refinery grounds (15) . Oily sludge contains several toxic hydrocarbon constituents, making the sites contaminated by them a major environmental concern, because many of the constituents of oily sludge are carcinogenic and potent immunotoxicants (47, 61) . Oily sludge is a complex mixture of total petroleum hydrocarbon (TPH), water, and soil particles. The composition of these sludges varies according to their origin, storage, and treatment history. TPH is primarily composed of alkane, aromatics, NSO (nitrogen-, sulfur-, and oxygen-containing compounds), and asphaltene fractions. Among the many techniques employed to decontaminate the hydrocarboncontaminated sites, in situ bioremediation using indigenous microorganisms is most widely used. These microorganisms can tolerate and also degrade a wide range of target constituents present in oily sludge (4, 7, 15, 16, 41, 47, 77) . Multiple responses of bacteria The mechanisms of toxicity to microbial membranes caused by hydrocarbons have been well studied and comprehensively reviewed (28, 62, 69, 74, 78) . The accumulation of toxic hydrocarbons in the membrane increases membrane fluidity (allowing the leakage of macromolecules such as RNA, phospholipids, proteins), increases membrane swelling, and reduces the normal functioning of membraneassociated proteins (52, 74, 84, 89) . The accumulation of hydrocarbons results in the disruption of bilayer stability and membrane structure, causing a loss of membrane function and ultimately cell death. Despite this extreme toxicity, hydrocarbon-tolerant Gram-negative and Gram-positive bacteria that are capable to grow in a two-phase waterhydrocarbon system have been isolated (71, 89) . Many of these tolerant bacterial species, including the first strain isolated, were Gram-negative bacteria such as Pseudomonas putida (12, 31, 37, 54, 63, 85) or closely related Pseudomonas sp. (49, 53, 71) . Gram-positive bacteria such as Bacillus (34, 48, 68, 71, 89) , Rhodococcus (58) , Staphylococcus (89) , Exiguobacterium (71) have also been found to be hydrocarbon-tolerant, although limited investigation has occurred towards understanding the mechanisms of their hydrocarbon tolerance. Because of the highly impermeable outer membrane of Gram-negative bacteria, it was generally accepted that this type of bacteria are more tolerant to hydrocarbons than Gram-positive bacteria (3, 25, 32, 34, 79) . However, several Gram-positive bacteria seems to been more resistant (43, 48, 50, 58, 71, 89) . Because of the different experimental set-ups used in the published literature, it has been difficult to compare the hydrocarbons tolerance of different strains, and extremely difficult to compare hydrocarbons tolerance between Gram-positive and Gramnegative strains (71) . Only two recent studies have compared hydrocarbon tolerance properties in those two types of bacteria (71, 89) . 
MATERIALS AND METHODS

Isolation and characterization of Gram-positive and Gramnegative bacterial strains
Cell suspensions in saline phosphate-buffered 0.8% (w/v) NaCl (PBS) were obtained according to Anderson et al. (2) and 10-fold dilution series in PBS were used for viable cell enumerations. The number of viable bacterial strains in Poeni oily sludge (Teleorman County, Romania) was estimated by a modified most probable number (MPN) procedure (22, 88) .
Aliquots of 20 µl were added into ten separate dilution series in 96-microwell plates (Iwaki, London, United Kingdom). The wells were pre-filled with 170 µl minimal medium (20) (18, 22, 88 
RESULTS AND DISCUSSION
In the latest decades the researches regarding Phylogenetic analysis of RND transporters have shown that they could be separated into seven distinct families, including HAE1 (hydrophobe/amphiphile efflux pumps of Gramnegative bacteria), HME (heavy metal efflux pumps), SecDF (SecDF protein secretion accessory proteins), and NFE (nodulation factor exporters) families (45) . To investigate wheather efflux pumps of the RND family were present in new isolated bacterial strains (Figure 1b) , primer set A24f2-A577r2 was used to amplify members of the HAE1 family of transporters (45) . In order to reduce biases in template/product ratios occurring due to the use of degenerate primers, inosine residues were incorporated into the primers at some degenerate positions. Other studies have suggested that interactions of inosine with the four natural bases exhibit different binding energies, although the differences were much less than the differences between the proper Watson-Crick base pairs and mismatch pairs (45 a. Rhodamine 6G (10 g ml The key factor for hydrocarbons degradation is represented by the tolerance that some microorganisms exhibit toward these compounds. Toxicity of hydrocarbons, when they are present in the medium at supersaturating concentrations (second phase), has been correlated with the logarithm of the partition coefficient of the hydrocarbons in a mixture of octanol and water (log P OW ) (73) . Compounds with log P OW value between 1.5 and 4 are extremely toxic for microorganisms (14, 57) , and within this range, those with lower log P OW values are considered more toxic than those with higher log P OW values (32) . Compounds with log P OW below 1 is too low to allow compounds to enter the membrane and above 4 is extremely poorly water soluble and, as it is not bioavailable, it cannot cause any toxic effect (28) . Legend: 1 = logarithm of the partition coefficient of the hydrocarbons in octanol-water mixture; 2 = the growth on agar medium (LBMg = LB-Mg medium, MM = minimal medium) was estimated by determining the formation of resistant bacterial colonies and the hydrocarbons resistance is represented by the frequency of colony formation, with that observed in the absence of any hydrocarbon taken as 100%.
Modifications induced by mixture of hydrocarbons to cells viability
To further characterize the hydrocarbons tolerance of were observed with regard to the critical concentration of molecules dissolved in the cytoplasmic membrane (28, 34, 79) .
Hence, the differences in hydrocarbons tolerance must be based on other alterations. Legend: 1 = mixture of n-hexane, n-hexadecane, cyclohexane; 2 = mixture of benzene, toluene, ethylbenzene; 3 = mixture of naphthalene, 2-methylnaphthalene, fluorene; 4 = -galactosidase ( -Gal) activity, expressed as the change in absorbance at 420 nm minute -1 milliliter of cells -1 optical density units at 650 nm -1 , was measured in permeabilized cells and was calculate the induction fold (Ind. fold).
Several hydrophobic organic solvents, including aromatic compounds, aliphatic compounds, and aliphatic alcohols, were able to induce the srp-lacZ gene in Pseudomonas putida S12. (lanes 1-4) Furthermore, if not repaired, damaged nucleotides can result in mutations during replication (19, 86) .
Obviously, the variety of presented hydrocarbons adaptation mechanisms implies that bacterial hydrocarbon tolerance cannot possibly be provided by one single mechanism. Only the combination of different mechanisms leads to hydrocarbon tolerance; a cascade of short-term and long-term mechanisms acts jointly to reach a complete adaptation. Hence, studying hydrocarbon-tolerant bacteria and, particularly, the molecular mechanisms enabling them to withstand such rather hostile environmental conditions, will not only contribute to further developing efficient two-phase biotransformation systems with whole cells but will also provide deep new insights into the general stress response of bacteria (28) . The genome sequence divulges mechanisms contributing to metabolic fitness that allow these microorganisms to grow in a variety of ecosystems and begins to explain how these bacteria are able to survive in highly polluted environments (72) .
This study is relevant for better understanding the adaptation of bacteria inhabiting polluted environments to environmental fluctuations of nutrients, for developing and implementing adequate bio-strategies for the remediation of oily sludge contaminated environments. Further studies will be carried out, as well as the genomic DNA will be screened by PCR for the presence of catabolic genes involved in known hydrocarbon biodegradative pathways.
